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SUMMARY . 

An investigation was  made t o  determine the effect of Bweep, taper 
. .  

ratio, and aspect  rat.io on the aerodynamfc characterist ics of n l n e  
semispan wings of MACA 65~006 a i r fo i l   sec t ion  with and without split 
flaps.  L i f t ,  drag, pitchi-nt , and -oat tje-ment 
characterist ics were measured through a range of Reynolda nmibers 
from 1.5 x 10‘ t o  12.0 x lo6. One of these w b g s  was t es ted  with a 
hinged lea-dge f l ap  of vazioua spans and deflections t o  ‘determine 
the effect  of this type of f l ap  on longitudinal  stabil i ty  near maximum 
lift. 

For wings of aspect r a t i o  4, increases in 8treep angle increased 
the maximum lift coefficient of the plain wings but  decreased the 
maximun lift coefficient of the wings wi$h half”span sglit flaps. 
Rather abrupt unstable change8 in pitching mment ‘occurred at lift 
coefficients ke11  below maximum for newly all of the swept wings 
tested.  Increases in sweep angle or  aspect  ratio reduced the lift 
coefficient at which these  unstable changes occurred. . Increases in 
l i f t -curve slope asd stable changes in  pitching moment occurring at 
Lar t o  moderate. llft coefficfents  for the aweptback wings were inc resed  
in magnitude bg increase in t aper   ra t io  and decrease in aspect rat io .  
Reynolds n&er effects  were confined t o   t h e  more highly aweptback 
wlnge at low t o  moderate lift coefficients. 

INTRODUCTIOPT 

The use of sweep t o  delay  the  effects of compressibility on the 
aerodynamic characteristics of airplane wings has given rise t o  ‘a need 
for h t a  on swept  wings at both low and high speeds t o  aid designers i n  
* 
Originally  iseued March 24, 1950 as NACA RM LgJ2O. 
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their evaluation of wing characterist ics.  Previous  investigations, 
reference8 1 and 2, for  instance , have indicated pronounced scale  effects 
on the  characterist ics of ewept wings with  other  than  sharp  leading 
edges. It is desirable , therefore , that   data for these w i n g s  should be 
obtained a;t-Reynolds nmibers as near as possible t o  those at which the 
wings are expected t o  be used. A number of investigations of the 
character is t ics  of swept wings at high Reynolds numbers have been made, 
but as yet there does not  exist  &qy related data from which the 
individual  effects of the plan-form variables can be evaluated. 

An investigation hae been s tar ted i n  the Langley two-dimensional 10- 
turbulence  pressure  tunnel t o  study, at re la t ively high Reynolds numbers, 
the  effects  of  systematic  variations  in wing geometry on the lar-nspeed 
aerodynamic characterist ics of wings for high-speed airplanes. The 
present paper presents  the  results of t e s t s  of a series of  nine wings 
havin NACA 65~006 sections,  covering a range of sweep angles from -45O 
t o  60 , aspect  ratios f r o m  2 lm 6, and taper  ratios from 0.3 t o  1.0. 
Tests were made of the wings a one and with  half-span sp l i t   f l aps  at 
Reynolds numbers from 1.5 x 10 B t o  12 x 106. 

Q 

One o f t h e s e   d n g s ,  o-pect r a t i o  4 and with 45’ sweepback  of the 
quarter-chord  line, was tested with a hinged leadingedge  flap of 
various spans t-o determine the  effect  o f  this type of f lap  on longi- 
tudinal   s tabi l i ty  at the stall. 

SYMBOLS 

cL 

cLmax 

cLS 

cD 

CM 

lift coefficient 

maximum lift coefficient 

highest lift coefficient  reached before unstable  pitching+ment 
bre& 

drag coefficient 

pitching+noment coefficient TwiGe model pitching 
qSZ 
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CB wineroot  b e n d l w n t  coefficient 

B bending moment a t  wing root, foot"pounds 

! 

P .  free-stream density, slugs per cubic foot 

T O  free-&ream  velocity,  feet per pecond 

S twice model area, square feet 

b twice model span, feet  

A aepect ra t io  of cm@ete wing  
I 

mean aeroagnamic chord, feet c 2 9  - 
C 

* C 

A 

xing chord at any s p m s e  station, feet 

sweep of wing qUarter+hord line 

wing taper ratio (2) x 

I 

a angle of attack of wing chord line, degrees 

. R 

I ra te  of chaage of 1fft coefficient with angle of attack, degrees 

chord of t i p  parallel t o  plane of symmetry, feet 

chord of root.pa.rallel t o  plane of sgmmstry, feet 

! CT 

CR 

I 
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E distance along root chord from leading edge t o  F/4 wallel t o  
plane of symmatry 

' ( X F ) ~ ~  nondimensional location o f  chordwise center of presaure,  referred 
t o  q 4  , 

Y distance along semispan 

6 flap  deflection ( in  plane of symmetry), degrees 

nondimemional  spanwise location 

? C P  
nondimensional location of spanwise center of pressure 

MODEIS 

The semispan models tested all had NACA 65~006 airfoi l   sect ions 
para l le l   to   the  plane of symmetry and no twist or dihedral. The plan- 
form characterist ics of the nine wings tested and some of the  principal 
dimensions are  shown i n  figure 1. The wing tips were rounded off  both 

i n  plan form Ad cross  section  beginning at 0.979.  
2 

For the sake of  brevity, a system of designating  theae winga 
similar t o  that suggested in  reference 3 has been adopted which includes 
the sweep angle, aspect  ratio, and taper   ra t io .  The designation 45-4-0.6, 
for imtance,  designates a wing whose quarterr:hord Line IEI swept 
back. 45O, with &D. mpect   ra t io  of 4 and a taper r a t i o  of 0.6. 

The following is  a l i s t  of the wings tested: 

4 5 4 - 0 . 6  
0-4-0.6 

30-4-0.6 
4 W . 6  
6 W . 6  

The central  configuration ( 4 w . 6 )  has been placed i n  parenthems in 
the last two  columne, since  the designation is  merely repeated t o  show 
the complete aer ies  of variables, 
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The mo3els w e r e  constructed of alumininn alloy and were pollshed t o  
a smooth finish.  Each of the models could be f i t t ed   wi th  a 0.20~ half- 
'spas  inboard  trailing-edge  split  flap  deflected 60° in the  plane of' 
s p m t r y .  The flaps were made of bent  aheet metal approximately 
1/16 inch  thick. 

One of the models (the' 4 w .  6) was equippeh  with a hinged  1eadin.e 
edge f lap  as shown in figure 2. The chord of the   f lap  was 0.13 and - 

could be deflected t o  vmious W e s  in  sections along the span.' The 
deflections, which were measured perpenaicular t o   t h e  hlnge line, were 
set w i t h  plates, . screwed to the  upper surface of the wing and flap, 
having a r a m  equal to   the  dis tanse from the  hinge line t o  the  wing 
upser  surface  faired  into  both t.he. wtng and the  flap  contours. With 
the leading-dge flap  deflected,   tests ware also made with fences on the 
upper surface of the  wing. The fences were msde of eheet metal approxi- 
mately 1/32 inch  thick and 1/2 inch high. The shape and locations of .. 
the  fences m e  also shop in  figure 2. Photographs of the 4- .6 wing 
with  ash  without  leadingedge  flaps and fences are sham i n  figure 3. 

For moael configuratione w3th leadingddge Poughness, O.OOh"-rch- 
diameter carborundum particles were htbedded in a thin coat of shellac 
over a length. of 0.08~ from the  leading edge on both  surfaces. 

The t e s t s  of the semispan modela were made in  the Langley t m  
dimensional law-turbulence pressure tunnel with a fomomponent 
electrical  resistance"type strain" balance. The validity of data * 

obtained in t h i s  semispas arrangement has  been established by means of 
tests of a model of a wing which had previously  been  .tested in  a full- 
span arrangement in the  Langley 1Ffgo-b pressure tunnel (reference 4) ., 

Each of the models w a s  tegted with and without half-span  spli t  
trailing-dge  flaps  both in  the mmth condition and with leadingedge 
roughness. . Lif t ,  drag, pitching-manrent, and wing"ro6t bending-moment 
data were measured f r o m  below zero l i f t  t o  above the  &all f o r  most of 
the wings in  the  sooth  condi t ion through a range of R e p o l d s  numbers 
varying f r o m  3.0 x 10 6 to 12.0 x lo6. Tests of the -45-bO.6, 6044.6,  
4%1.0, and 4 w . 6  wlngs were limited t o  lower Reynolds numbers 
because of strength  limitations of the moCie3-s. The effects of le&* 
edge roughness OR the aerodynamic characteristics of the wings were 
determined at one Reynalda nMer  f,or each model. Tests were made of 
the .4-.6 wing equipped  with a hinged  leadfng+dge f lap  of various 

r 

spans and deflections  at  a Repolas nmiber of 4.5 x lo6 t o  determine the 
effect  of the  fla2  deflection a;nd span on loqgi tudinal   s tabi l i ty  at the 

I 

t 

I 

I 

I 

1 
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staJ.1. Fence8 were tested on the wing with one l ead iwdge-f lap  
configuration  in an attempt t o  delay spaawiee flows. 

Drag coefficients and angles of attack were corrected  for  jet- 
boundary effects by means of boundary-induced upwash corrections 
calculated by the method of reference 5. 

The highest Mach  number attained  during these t e s t s  was approxi- 
mately 0.20. 

PIiESENTATION OF DATA 

The aerodynamic characteristics of the wing8 tested with and 
without s p l i t   f l a p  and roughness 8378 presented in figures 4 t o  12. 
Figure8 13 to 17 present  data showirq the  effect  of leadingedge-flap 
deflection and span on the aerodynamic characteristics of the 
454-0.6 w i n g  with and without splf t  f laps and fences. These data are 
presented as plots  of angle of attack,  root bendin&mment coefficient, 
pitchhg+noment  coefficient, and drag coefficient  against l i f t  
coefficient. 

. 

Summary plo ts  of the effect of m e p  angle, aspect  ratio, and taper 
ra t io  on certain aero smic characteristics of the wings tes ted are 
presented in figures 1 T t o  22. The theoretical value8 of l if t-curve 
slope, aerodynamic center, and sparrwiae center of pressure of the 
additional  load,  obtained from reference 6 ,  are preaerrted i n  figures 18, 
21, and 22, respectively. 
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Chazacteristics of Wings Alone and with Half-Span Spl i t  n a p s  : 

edge radii  (references 2, 7, and 8) . It is believed  that  a  brief 
review of some of the more important results of these  etudies w i l l  aid 
in the  Fnterpretation of the results 0bt-d on the v i n g s  of the 
present  investigation. Them investigations have shown k h a t  l e a d i w  
edge separation  occurs at relatively low angles of attack and spreads 
rapidly along the span 'as the angle of &tack  ia increased. Generally 
the flow Closes i n  again behind the initid separation and farme a 
"bubble" of sepmated flow. 

The pressure-distribution data in .reference 7 show no apparent 
separation  at the wing root but a region of separated flow at other 
apanwise 6tatiom which increases in chordxise  extent toward the wing 
t ip .  As the angle of a t tack  ie  *reased, the portion of the chord 
covered  by the separated region increases  until,  at E- angle 03 attack, 
the  sections near the t i p  are cnmpletely separated.  Further  increases 
i n  angle of attack cauee increases in  the  extent of the  cmpletely 
separated  portion of the span. 

Reference 8 ahawe that 8 strong vortex is f o m d  within th ie  
bubble 'and that, at low angles of attack, the core of the  vortex  lies 
along a l ine  passing through the leading e m  of the root chord and 
swept back slightly m e  than the wing leading edge. As the angle of 
attack is increased, the m e p  angle of the vortex  core  increases and 
the portion of the  vortex  core near the wing t i p  curves back in the 
stream direction. . Comparisans  between the pressure distributions f o r  a 
wing with a sharp leading eage-and a wing Kith XACA 6 ~ 0 6 . 5  airfoil 
sections show that the  strength of the  vortex i s  greater f o r  the wing 
with  the shaxp leading edge. An investigation of the flow about a wing 
of approximately triangular plan form (reference 2.) showed that the 
vortex flow was evident on a wing with 1 m r c e n M h i c k  a i r fo i l  sections 
with rounded leading edges a t  low Reynolds nllnibers but not a t  high 
Reynolds numbers. These data also show that the  vortex flow existed 
at both Reynolds numbers when the wTng had Sharp leading edges. 

Ih a rimer of .instances, the formation of this sepazati-vortex- 
flow pattern 5s accompanied by an increase i n  l s t - c m e  slope. It may 
be assumed that thie  increase in lift ts caused by the  fact that the 
stream must flow effectively about a thick, highly cauibered airfoil. 
These increases in lift could be expected t o  exist  until  the angle o f  
attack had been increased to   the point where complete separation exists 
over the t i p  sections. The loss In lift associatedwith  the camplete 

I 
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separation should  then  cause the  lift-curve slope to decrease. The 
results  presented i n  reference 2 show rather  strikingly  the  fact that the 
maximum lift coefficient  as  well as the  lift-curve slope may be increased 
appreciably by the presence of the  separation-vortex-flow  pattern. 

No visual  obsemations were made of the flow characterist ics  for 
the wings of the present  investigation. In view of the   re la t ively emall 
thickness  ratio and leadiqyedge  radius of these winga, however, it is 
believed  that a similar separation-vortex-flow pat tern  exis ts   for   the 
more highly swept m s  teste4. No conclusive  evidence of this   type of 
flow is apparent Fn the   cme of the wing6 with sweep esgles l e s s  
than 45O. The data for the sweptforward wing shuw effects sFmilar t o  
those  caused by the  vortex on the sweptback wings aLthough it would seem 
that the flow phenomena would be different  in scans respects f r o m  tha t  
obsemed on sweptback wings. 

. 

Li'Ft-curve slops.-  An examination of the  data f o r  the various 
wings shows tha t  at l o w  Reynolds numbers large  increases in lift-cur-ve 
slopes of the swept wings occurred at goderate angles of attack.. . (See, 
for  example, figs. 7( a) and 8( a). ) The magnitude of these changes i n  
lift-curve slopes  increased as sweep angle or  taper r a t i o  were increased 
and as aspect r a t io  w w  decreaaed. no change waa noted  for  the wing of 
zero sweep. As the Reynolds number was increased, the mELgnitude of 
these changes in   l i f t icurve slope generally decreased, o r  a t  least the 
cheige i n  slope waa delayed t o  higher anglee of attack. It would seem 
that   this  delay in the change in  l if t-curve slope indicates a delay in 
the formation of the  separatioq "bubble" 88 the Reynolds nzmiber was 
lncreased. This agrees, at least qualitatively,  with the scale  effect 
previously  noted for the wings of triangular plan form and round leading 
edges (reference 2).  

d 

Although the  lif%-curve slopes at moderate angles bf attack showed 
rather large variations  with changes in  Reynolds nurdber, the  variation 
of Reynolds nlzmber had very l i t t l e   e f f e c t  on the l i f t -curve elope near 
zero angle of attack. Lift-curve slopes (nee zero -e of attack) are 
shown plotted againet sweep angle, aspect  ratio, and t a p r   r a t i o   i n  . 
figure 18. The general trends of the  variations  with changes in the 
plan-form  parameters m e  sham t o  agree with those shown by the 
theoretical values taken from referegce 6 ,  although f o r  moderate sweep 
angles the  absolute  values are not &dways i n  good agreement. The data. 
with leadiqpedge roughness show that generally the  effect of roughness 
on lif t-curve dope i s  small and.the shape of the l i f t  curves  obtained 
with l e a d w d g e  roughness agrees fairly  closely  with  that  obtained for 
the smooth King at-the sams R e p ~ l d s  number. 

lkx3mum 1iR.- Maximum lift coefficients of the wings tes ted  a t  a 
Reynolds number of 3.0 x 10 6 with and without  lialf-span sp l i t   f l aps  q e  
shown i n  figure lg (a) .  These data show lmge increases i n  ?naxirmrm. lift 
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coefficient of the  plain wings as the s&ep is increased ei ther  
positively  or  negatively. The f l ap  effectiveness  decreasea, howemr, a s :  
the sweep is  increased and the  result ing madmum lift coefficients with 
s p l i t  flaps decrease  with increase ip positive sweep angle. In fac t ,  for 
the 60' sweptback wing the  addition of split flaps  actuallg  decreased 
the lift coefficient. With a sweepback angle of 45O and taper 
r a t io  of 0.6 the lift coefficient  decreased  slightly with 
increasing  aspect  ratio from 2 t o  6, but with' 45O of sweepback and an . 
aspect  ratio of 4 the change in maximan lift coefficients with a change 
i n  taper ratio from 0.3 t o  1.0 w a s  negligible. The flap  effectiveness 
on the maxhum lift' coefficient w a s  negligible for a sweepback angle 
of 45' regardless of aspect ratio or taper ratio. 

.Ih magy cases, however, the pitchin&-ent c m e s  break i n  a n  
unstable  direction at lift coefficients well below the maxhum. The 
highest lift coefficient reached before these u t a b l e  changes in' 
pitching moments t&e  place ("LJ axe shown plotted  against sweep angle, 

aspect  ratio, and taper   ra t io   in   f igure lg(b). no unstable change in 
p i t c h i n p o m n t  slope occurred f o r  the  w i n g s  of Oo and 30' of sweep or  
for   the 45O sweptback wing of aspect  ratio 2 so the actual maxi&m lift 
coefficients are plotted for these wings.  For wreep angles greater 
than 30°, increases  in sweep angle or  in  aspect  ratio  decrease  the lift 
coefficient at which the  unstable break takes place; whereas  changes in 
taper   ra t io  have little effect.  The addition of the "pan s p l i t  
f lap increases  the l i f t  coefficient a t  which the  pitching moments breek 

-unstable for all of the wings except  the 45O sweptforward. 

The effects  of var ia t ion   in  Reynolds number on ei ther  maxlmma lift 
coefficient o r  on the lift coefficient f o r  the  unstable pitching-nt 
break were d l  in U. casea  except f o r  the 30° sweptback wing ( f ig .  6 )  
which  showed a higher madmum lift coefficient  at  a Regnolds number 
of 6 X 10 than f o r  Regnolds nmibers ei ther  above or below this value. 
This phenomena u t  be associated  with some peculias  scale  effect on the 
laminar flow mound the  lea- edge since  the  addition of leadingedge 
roughness  decreased.  the mx3mum lift t o  approxiinately the value obtained 
at other Reynolds nmibere. h i d e  from this isolated  instance,  leading- 
edge roughness has very l i t t l e   e f f e c t  on the lift charecterist ics of m y  
of the wings tested. 

6 

The effects  of changes i n  a i r f o i l  section on the lift coefficient 
at which the  unstable pitching-momsnt break occurs may be deduced f rom 
a comgarison of these  data with other  previously  published  data. Data . 
f o r  a wlng having plan+form pmameters ( 4 @ M  .625) roughly similar 
to the 4 M . 6  King t ea t ed   i n  this investigation but w i t h  circular-src 
sections are presente,d in reference 9. These data show that   the  lift 
coefficient at which the  unstable pitchi-nt break  occurs i 8  
tipproximately 

v 
the same fo r  the circul- wing 88 f o r  the 



10 MACA RpiI ~ 5 0 ~ 1 6  

Gpercentdhick low-drag wing. Data in  references 10 and 11 for  two 
wings (40-4-0.625 and 5~2.9-0.625) having airfoi l   sect ions 9.6 and 
7.8 percent  thick,  respectively, (and, therefore, larger leading-edge 
radii than the 6percent"thick wings) show that the pitchi-nt 
break occurs at appreciably higher lift coefficients  than would be 
indicated by the data of the  present  investigation  for wings of roughly 
similar plan form and 6-percent-thick sections. It seem .l ikely 
therefore t h a t ,  for  wings swept back apKoxWtely 45O, the changes i n  
leading-edge radius corresponding t o  decreases i n  thickness  ratio 
below 6 percent will have lltt-le  effect on the lift coefficient at which 
the  pitching moments break  unstable  but that t h i s  lift coefficient mey 
be raised  substanttally by relat ively small increases in thic-ess. 

P i tch iw moments.- An examination of  the pitching4ument  data i n  
figures 4 t o  12 shows that abrupt variations in the  slope of the  pitching- 
moment curve occur at lift coefficients well below maximum lift f o r  
nearly all of the w i n g s  teated. In  all caaw except the 01c-o.6, 
the  3 U . 6 ,  and the 452-0.6 wings, unstable  variations  occurred. 
These changes i n   p i t c h i m w n t -   c h a r a c t e r i s t i c s  a m  i n  agreement with 
the bo-ezy curve fo r   s t ab i l i t y  at high lift coefficients  presented i n  
reference  12. The unstable changes i n  the pitching-mament c m e s  occw 
at the same lift coefficient  as  the sh i f t8  in the spamrlse center of 
pressure (fig. 20), which would indicate  that  th fs  ins tab i l i ty  c&z1 be 
a t t r i bu ted   t o  complete separation over the t i p  sections of the swept- 
back wings. The inboaxd movemnt~ of spanwise center of pressure sham 
in  figure 20 indicate  appreciable t i p  stalling even for  those awep-bback 
w i n g s  f o r  which there are no mutable  variations i n  the  pitching moment. . 

A t  lift coefficients below those at which the  unstable  pitching- 
mament changes  occur, amaller changes in   pi tching moment which a r e  
generally i n  a stable  direction  can be noticed in  the data for the 
sweptback wings. These stable changes begin  at-approxbmtely  the same 
lift coefficient as the increases in 1ift-cun-e s l o p  and are apparently 
a result of the separation-vortex-flow patt-ern. The previously noted 
stable breaks in  pitching moment a t  maximum lift f o r  the Cbh-O.6, 
3G"o.6,  and 452-0.6 wings seem t o  be caused by the final complete 
stall but ,   for   the 45O sweptback wing of aspect r a t i o  2 at leas t ,  the 
gradual change in the  stable  direction at lower lift coefficients should 
be at t r ibuted  to   the  act ion of the vortex, Decreases i n  aspect  ratio 
and increases  in taper r a t i o  cause  increases i n  the magnitude of the 
stable change. These effects  of  change i n  plan form are  identical  t o  
the  previously  noted  effects of changes in plan form on the l i f t4urve ' 

slope increase. The center-of-pressure data presented in   f igure  20 
show that the stable changes in pitching moment can be at t r ibuted t o  
rearwsrd shifts i n  the chordwise centers of pressure which are accompanied 
by relat ively small or  erratic shifts i n  spaarise center of pressure. 
These rearward shifts in   center  of preasure are probably  cawed by the . 

I 
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fact  that  the leading-edge separation  decreases  the magnitude of the 
le"&@ pressure pe& while the chordwise extent of the decreased 
pressure  tncreases  (reference 7). 

In general,  the  observatioqs made above for the unflapped wing 
ayply t o  the  data for the wing6 with half"epas spli+ flaps also. In 
the range of lift coefficients where the stable changes i n  pitching 
moments occur, the changes in p i t c h i n w n t  characteristics which 
occur as a result of the  addition of leadlq-edge roughness m e  mall. 
The slopes of the pitching+mmmt  curves seem t o  show fair agreement 
with qrodynamic-center positions gfven fn .reference 6 (see  f ig .  21) 
e'xcept f o r  the 60° wing which shows a more forward aeralpmic-center 
position  than  the 45O wing, wfiereaa the  theorg would indicate a . 
rearward shif t . 

A consideration of the loading added  by deflection of the half- 
span s p l i t  flaps on the various wings fnaicates  that increasfng angle of 
sweepback, aspect ratio,  or  taper  ratio will caUee the  centroid of the 
added load t o  move forward with respect t o  .the quarte-hord point of 
the mew aerodynamic  chord; The data ahow that increasing any of the 
three plan-form pazameters does came a decrease in   the  negative 
p i tch inwment  increment caused by flap  deflection an& that positive 
Increments in pitching e n t s  at zero lift actually  result f r o m  
deflectirq"t,he flaps on the 6 0 ' .  Bweptback wing and the 45O eweptback 
w i n g  of aspect ratio 6 .  

Drag chmacteristics.- The induced drag pol= has been plotted on 
figure  lO(a) t o  show a typical  variation, in the -tude of the  profile 
drag coefficients. ' The' lift coefficient  at which appreciable divergence 
between the induced drag polar and experimental values of drag coef- 
ficient begins agrees quite closely with the lift coeffic,ient  at which 
the lift-curve slope begins t o  increase. The increase in drag at  this 
point  could be expected  because of the large decrease in the value of 
the peak negative  pressure accompanying l e w d g e  separation; 

Wing-root bendiw? momenta .- The data for these v l n g s  show that  the 
--root bending maments are roughly linem up t o  about the lif% coef- 
ficient- at which. the  pitchkg+mwnt break  occurs. The spanwlae centers 
of pressure shown in figure 20 help t o  show the chaiges which take place ' 

in the loading on the wings. The spaarise centers of pre~sure are 
generally  constant  at  noderate lift coefficients and move rather  rapidly 
inboard f o r  the sweptback wings and outboard f o r  the Bweptforward w i n g  
a t  high lift coefficiente . 

Values of the spaswise center of the additional load distribution, . 
indicated by the slope of the bendirtg+nomsnt c m e  through zero l i f t ,  
are shown plotted  against  the varipus plan-form parameters i n  figure 22. 
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I 

I 

I 

I 

I 

t 

. . 



12 NACA  RM ~ 5 0 ~ 1 6  

These data show good agreement with calculated values except f o r  the 
wing  with aspect  ratio 6 and the wiw with  taper  ratio 0.3. In both 
of these  cases,  the spanwise center of pressure is farther inboard 
than  indicated by the computations. 

Characteristice of 4 w . 6  W i n g  with Hin&ed L e a d i e  Flap 

D a t a  m e  shown In figures 13 t o  17 on the  characterist ics of the 
454-0.6 w i n g  equipped with a hinged l e a d w d g e  f l a p  at a Repolder 
number of 4.5 x lo6 both with and without  half-apan split flap. 
Deflections of IOo, 20°, 30°, and 40° were tested f o r  leadlng-eclge- 

f lap  spans ranging from 0 . 3 7 ~  t o  full span. These data show that   the  

fullwpm l e a d i w d g e   f l a p   d e f l e c t e d  30° provided a desirable  varia- 
t i o n  of pitch- molments up t o  the highest lift coefficients oPany of 
the  conibinations of leadlng-edge-flap span and deflection  tested 
(about 1.1 wfth  half+= spl i t   f lap  def lected) .  Bone of t h e   c o n f l g ~  
rations  tested however prmided stable pitchi-nt verrfations 
throughout the  ent i re  range of lift coefficients. It may be noted that  
the he;Lf”spm l ead iwdge  flap deflected 30’ provided a atable va;ri+ 
t ion  in pitch- moments at high lift coefficients  although  the over-all 
pitchhg+noment  variation.could  not be considered desirable. Use of 
the l e a d i w d g e  flap also provided appreciable reductions in  drag at 
hi-& lift; coefficients. 

b 

Y 

In an attempt t o  delay spanwise flaws and, therefore, improve 
the pi tchinmment   vrniat ion at high lift coefficients, chordwise 

fences were instal led on the wing  with  the 0.7% +eadiq+edge f l a p  
deflected 30°. Use of the  fences at the  positions  tested  increased 
the m~axirnum lifi coefficient and the lift coefficient  for the pitching- 
moment break s l igh t ly  but caused no Fmprovement; in the direction of 
t h e   p i t c h l n m m n t  break at &all. 

b 

Data for a nuniber of sweptback e n g s  equipped  with leading-edge 
high-lift devices are contained in references 9 t o  11 and 1 3  and 14. 
The data fo r  a wing of aspect  ratio 3.’5, aweepback of 45O, and c3rcular- 
arc section (reference 14) ahow that none of .the configurations of 
leadiwdge-flap span and deflections  investigated  provided  cmpletely 
satisfactory  longitudinal  stabil i ty  characterist ics throughout the  ent i re  
1ift;;coefficient range. A hinged  leadiw&dge f l a p  covering 50 percent 
of the  span produced stable moments a t   t h e  stall f o r  a 35O sweptback 
wing of aspect  ratio 6 with NACA 641-112 airfoil section,  but only when 
w e d  in conjunction  with a fence at 50 percent of the semiupan (refe- 

-8nce 13). Data i n  references 9, 10, and 13 show that  extensible 

I 
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leading-edge flaps, on the other hand, are capable of producing etable 
pitching-nt variations at th8 &all for  wings having sweepback 
angles of 35O and 40° and nACA low-drag airfoil sectionsl and for a wing 
having a sweepback angle of 40° and circul-c section, whereas a 
50° -&back wing with low-drag airfoil  (reference 1l.) require8 a fence 
to obtain  stable  pitching4mnent m i a t i o n s  at stall. 1% seem likely 
therefore that a properly designed extensible leadinvdge f lap &ould 
provide stable pitcha-cnt variations  for  the wing tested i n  this 
investigation ( 4 w . 6 )  .. 

C o m C L ~ I o N s  

The results of a n  investigation t o  determine the effect of sweep, 
taper ra t io ,  and aspect ra t fo  on the aerodynamic characterietics of 

with 89 NACA 65006 atcfoil  section led, to the follarfng conclusions: 

(1) m e  trends of variations  in lift-curve slopes, ae rodyndc-  
center  positions, and sp-se centers of p k m r e  for low lift coef- 
f ic ients  agree f a i r ly  well with those  predicted by means of existing 
methods of cdculation. 

(2) For the Hngs with larger sweep angles, increases in lift-curve 
slopes asd stable changes in pitching+mmnt slopes occur at moderate 
lift  coefficients,  apparently  as a result  of a vortex-flaw pattern over 
the wing following. leadiwdge separation. These changes are increased 
in magnitude  by increases i n  taper r a t io  or aecreases in aspect ra t io ,  

(3)  Rather abrupt unstable changes in  pitching mamente take place 
at lift coefficients w e l l  below f o r  nearly all of the highly 
swept vings. Increases in sweep angle or aspect r a t i o  decrease the l i f t  
coefficients at which this unstable break occurs;' whereas chamgea in 
taper  ratio  came  relatively ~~ ch8nge8. Deflection of a haU+pan 
e p l i t  flap  increases  the lift coefficient  for  the unstable break for  all 
of the wings tested except the 45O sweptforwmd wing. 

(4) -creases in sweep came  increases in maximum lift coef- 
f ic ient  of the &lapped wings for  either positive or negative sweep. 

increased and is  actually negative f o r  'positive sweep angles greater 
than 45'. Increasing  aspect ratio of a 45O sweptback wing hecreases maxim= lift, but changes in taper r a t i o  have l i t t l e   e f f ec t .  

-Flap effectiveness on eum lift decreases as the sweep angle is 

( 5 )  Deflection of a full-span hinged l e a d i w d g e  flap 30° 
provides the largest increase in the lift coeffictent f o r  the unstable 

. -. . . . . . - 
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. 
p i t c h i n v n t  break of any of the ccadbinationer of leading-edge-flap 
span and deflection tested but did not prcduce a stable pitching-moment 
variation at the e t a .  

( 6 )  Scale ef fec t~ l  on aerodynamic characteristics were confined to 
the more highly 8vep-t w i n g s  and consisted  principalLy of a delay in the 
lift coefficient at which the  increase  in lift-cme slope o c c u ~ s .  

Langley Aeronautical Laboratory 
National Advisory Comrmittee for Aeronautics 

Langley Air Force Base, Va. 
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.Figure 2 .- Leading-edge flap anB fences OBI 45' Bweptback wing. 
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(b) Wing with 0.5G @It flap, smooth. 

Figure 4.- Ccoltinusd. 
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(c)  W i n g  with leading-edge rovghness. R = 3 -0 X 10 6 . 
Figure 4.- C m l u d e d .  
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(a) Plain wing, -0th. 
pi- 5 .- Low-sped aerodynamic data for the 0-4-0.6 wing at various Reynolds numbers. 
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( c ) W i n g  Kith leading-edge roughness. R = 6 .O X 10 . 
Figure 7 .- Canoluded . 
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(c )  W h g  with leadlnw3dge mughnees. R = 3 .I x 10 . 6 
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(a) P l L l n  wing, m o t h .  

Figure 9.- Low-epeed aemQmmic data for the 5-4-0.3 wing at various Reynolds nmbers. ‘F 
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(c)  Wing with leading-edge rou@;hness. R = 3 .O X 10 6 . 
Figure 9.- Cancluled. 
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( c )  Wing wttb l e a d w e d g e  roughem. R = 3 .O X 10 6 . 
Figure 10. - Canoluded. 
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( C )  wing With leadingedge mughnees. R = 6 .o X lo6. 
Figure U.- Concluded. 
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(a)  PIA^ wing, m o t h .  

Figure 14." Low-epeed aerodpamic data for t h e  43-4-0,6 wbg wfth leading-edge flaps of various spans 
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(b) Wing with 0.5$ split flap, m o t h .  

Figure 15.- concluded. 
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Figure 18 .- Variation of the elope of the l i f t  curve with p k - f o m  

parametere. R = 6.0 x lo6. 
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Figure 19.- Varlatlcm of l i f t  coefficient with plan-form paryters. R = 3 .O X 10 6 . 
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Figure 20.- Variation of centere of preeaure with lift coefficient. 
R = 6.0 X 10 . 6 
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Figure 21.- Variation of aerodynamic-center location xith plan-form 
parametere. 
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Figure 22.- Variation of spenwise center of preseure of additi&al load 

. xith plan-form parameters. R = 6 .O x IO6. 
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